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Summary 

Ttol tnplecular qiaTkera allow fast recovery of recqntm oareiU geiyiype in backcro ss 
program T5 undisprutfiijt. ResQ-ictioa FirsgmcAt Longib PplymoipKisixu (jftPLP's) woe used 
iff mau& to infrogrcfic by backcross a tnosgenfr cooittruct, coDiaioln^ pho^phiTWMhricin 
(tsistancp awl lasectieldiil protoin K«(3es, iVnm auransrormcd par^t intoian due tT)bfH tine. 
At each ^neratiou pJants csrrying die transgene oonsCroct wcfc sclcitcd ba^ed tKcir 
phosphiackfarieui resistance, and finthur characterised whh RFLC's. Both nuxunum 
recovery of lecmrcDt panint geratype and minlmunL linkage dr^c wem taken into aoooum 
for inarf«r^fl.<c«Ml Section. Embryo rescue was used tcr shurtBD ecncnsticNi time. Progress 
towards recuuTcnt parent gouxype wss ^ctaculax. Levels or reainraat parent geooiypc 
recovery which muSd nannally be observed. In the absenoc t( aeieecton. in the 
i;^oenUon were OtbUincd at the BC3 gcDciatlon, about one year after BC| seeds bod boon 
planted. Bflsktcs the evidence ^ir^^ provided by RFLP's» phenotypic evaluation of the 
bockcrou-dcriYCd acar-isoeenio ilnee will constituU: an adtHttoiul ^eok of ds completeness 
oTtbeconversioo. 

IntTDduction 

^cfccro sslflfc has been ^ «»niTn«.v hr^.y^ pmfm fpTja loMLsa^ite gcrmpla&m has 
bfBM yrai toble. li has mainly been used to inliugress singia Mendelian trklts, such as disease 
resistances or qoolity factors^ into elite ^ermplasm (Allard 19^: H^lpixr and Miranda 
198 1). Oee of the niosi amactivc attributes of baciccrossing b tlmt it^ allows to perform 
tai^eted modtfiiatioiis witlioot dlmipilng the existiiiE ovcraU genetic tolance of the 
reeiirrcnt parent. 

However, production ot' IViUy convccisd near iso^^ic Une^ through classical 
backcroftsiiifi procedures Is a len|:chy procedure, if at all possible. Thcoreficalty, x minitnum 
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Qf v^iv^n elasfl»al b&dccrosa gpnacqdoos m required eo icooyct more chflo 99% of rtcumni 
parent £C2iOtyf e, ossnmin^ no lloka^ <!rae. The sUiactivencss of dasiical backcroess 
procedures is tfaerefoic substantially diminbjud Sttr crops, raeh OS maize (^Sm nutys L.}, 
wbere tbe mn-mm of «iire cnltivozs is very last. Tn adtfiOon, foil recovery of mwr«iir 
parent gwiotypc 1$ iisnally not adtleved throwgH classic*] backcroasing, which may resole in 
dcIeiArioixs a^nomic cfibcts. Muuay a/, (1988) tvpofted iibout 90% reeunen parent 
genotype rcoovcKy in two BCio-eqMNalaot oonverskms <A632Ht and A^2Kp) Of die maize 
line A632. Tht cortvcrskfftt i»d rcnined respectively 4 axvd 7 <to0or ftasincnis ta atddttloo (o 
ttiB one csrrying ths g«ne of Intvesc 

R£d\]cCJon in tho number of backcroas gcQciations needed lO Obtain fully oottverted 
indiriduals hu been shown iheoretisaUy. or fitom simulaiioaa, bo be achSevablc thfOu^ chc 
o» of (noJecuJar mvriem O^BkaHoy €t id. 19fi9; Hospital e$ ai, 1992; Jiibos cs aL 1994). 
Bosnuse they provide thorough cbarasterizalion of the gcneoc vanabtlSty at each b^lccrora 
gcncratwo^ mzricen allow to Cake fnJt advanli^ of this wialiDity by applylug itifi hi^ts»i 
poMihie MieeUoa imensUy. 

EfTicioncy of nKiTtcx-assistod bBcfccnnsiDg was iovBRtismed Uu«UKh on anperiinent 
aimed ai iotzo^ssnii a single ge^etio te&ir (a trassgene. conatnieO a <9oiMir inco a 
redptaiu maiM line. 

Martoriafa and mothoda 
Plint Matarial 

A bemb^gous uansgenic malic Ihe of Lajocaner origls was used as donor parent eo 
incrogress its cransgetie construct, Ihioosb repeated backcrossiu^ in(o ^ rrcipicm pareoi 
from the ^iitt Bnrmpl»ai scoup^ Both parcats aro prcprictaiy olito linos. The 
(raaiECDc commict carries both a pbosphicotbdcin rcsistaiic& gene aiK) syxnhctic genes 
c3x»dinB ^e entonotoxlc ITaftcnefil of the CryTA(b) BocsUus (humgUmis protein (Koz^iel «r 
0/. 199^)p lYansformaibn M^as achieved ihroufh mictoprQlcctU& bombordinMC OUnid ^ 
id. 1993) zwA r<!Siilted in a. single inscrtioo (B^ locus), on clkromosomc 1 (Figure 1>. 

Backcross protocol 

The 91 -progeoy of the croM tiem«n (be<toaor and Iho recipient wsis screened for the 
piteenco of Che trvisgene ooo&truot by applying BaaCa, a phosphincttiriciD^asGd herbicide, 
onto each plant. Rc»btani itklividiuls wctfft then used lo gjensraie BC] jirogany. 

Foir each baclccross generation, ttsxpi the BC^^ indlvidnala were plsimed in multipota 
and .iprayed with BasCa to eliminate thoBo which did not cany the transgeae coDscruct. To 
«veid the 8trese resulting ^oi traaioient with Besca» BC4 plants canying the trans^nc 
construct were Henilflcd USlAg Soatbcm blnfs probed wUK the ^ EUttl £r genea. Reaiaiam 
plants wen: tiansptantcd in an open^soit greenhouse and leaf-sampled for molecular marker 



aialy&es. Results of maiker an 
fl4rwering. A B'mglo plant was 
readied end muisfcmd nnto Is 
offlOryos Hrst nnderwent a 
ciHtUTC cncdium^ tiefim bra>B 
average^ A^ur moolhs. 

i MolecularnwKer anal)fs. 
RcstrieUOli Fiasmem Lc 
g^noiyped Ut all fbttr genoR 
cnemUnAiQCScent tGCfuiktues. ) 
were chosen rroni among those 
pDovided oovcrajge of the eoiin 
opntained two loci Ughtly linJcet 
r^mbinftcion iiAiM away (Figu 
BC^^X generadaa comprised bo 
oif tigbdy linlicd ones, and addi 
StOccted BCa pli»»t was histenxr) 
iifdcpeodcnt tf&ferenee pcpuietii 
gj^naration. 

; Selection procedure 
At each saaocdtion plants 

eurreot-paren^gBDBiype and • 
sit&mpt \a mtegrate both crite 
missing values weic not include 
cOntribmed co the selection pnx 
best tanking one of ibo»e for « 
for die BC3 selection) was avail 

i 

Results and discussion 

i Qetfroiian for ttia geno or 
The oburvod jegregadoc 
sUgniricancly different (P<O.Q^ 

Recurront parent genot) 
Satisfies for the gcmtyi 
(performed taking the whole & 
tiackcrofiS-derlved plant there! 



PAGE 1 205 * RCVD AT 12114/2005 4:15:05 PM [Eastern standard T^^^ 



12/14/05 WED 16:19 FAX 5152d8133a 



MCKEE VOORHEES & SEASE 



@013 



Al 



imvermomthaa99% of ttoOMrem 
tttetivcoess of classical hudccross 
DpSp soch as maize (2^ mdpycr L,)» 
vIdhiODt fiill racovoy of rtcvimm 
il tttdoiTQssiDg. which may result in 
pqrtBd jiboot rrcumuii paivat 
A632Ht smd Ad32Rp} of thit inaize 
lod 7 donor fragments in aiidilsOD to 

itkin9, to be aduBvabie throogh cbe 
d ^ 0t 199^ JAiboc <r iit 1994). 

vwlabilily at each bockcKt^s 
variability by applying (h^ hisliest 

iKvesUgatcd thfoogh on caqpeHmcat 
conanict) from a cSbnar into a 



xfpD was used as donor parczu od 
toossins, loiQ » recipwnt parent 
ard propriatary OitB Fines. The 
ds(a4»e gcsc 0pd ayndiedc genat 
!bk» ihiHxgUmis protem (Kozhsl £V 
irojectKle bocnbardnifiiit (Koziei c# 
dtromDsomo 1 (Fijpim i). 

I the recipicot wu (cpccoed for die 
^osphiootbiieiD-bBSBd iMvbieide^ 

ividnala were planted !□ mulripcrts 
99ny tho uansgcoD cQDStruct. To 
ptuMv Gsuyiag ibe traasgeoe 

eaf-iamipled for moJecal&r marker 



analyses. Results of mariocr analyses were made Bvailflble at diie I&te^c cwc wiefiks 2ft^ 
itawtticg. A siDgle plant was xslected, of whicb all baeloeross-^erived Qinbryos were 
ccKtied and transfenea ggto ti»Yie Qiltnre medium. FlwUets t|a2 <ievdaped jrom Ihese 
embrycK first fuideiweot a greoAme acditnatxm phasCp while stiU ^owhig on ciuue 
culnirc medhim. beftore being tfanaplamed bin muldpots. Backcraeu cycles lasmed, on 
average,, four oiontfas. 

Molecular fnaricer analyses 
Rcstriakui Fragment Length Polymmphlsras <RPLf"s) ware rised go e&tcabluta 
gcootypee ta foour fieoeratians* RFLP detectkm involved either radioaeAlve er 
dwaiilDaiiiiBsccDt tEcfaniquAp For Ow BCi fieaexatiofi. 6i marker-enzjlDie combbiatloos 
were chosen ftom aincme iliose revealing potymoiphlsm Nnmn donor sinl recipleat. They 
provided covera^ of tbo entire geiMine. defifth^ ItttervaU of about TStMm «ae^ and 
ontaiDBd two Icoi cighdy linked id the fir 1ocu&. CG320 and CG415, rcspccdvciy S and t(S 
recombiiuuioii uniis away (Plfiane ))• ^ jmhseqoenc geoeTadooSv markets suuiyzed in the 
BCa+ 1 ^cDcraiioa compf feed both those tot which the jkileuwd BCq pltaa wns hctcrocygoTj^ , 
or tightly linked ones, aod additional ones located Sn chronosocnal segmisnts for which the 
fiolectsd BC„ plant -wj^ heCeroBygoDi CTable I). Marker map poiittons were obtained from 
tndqwndent referemsc populatiobft and eooflnned by analysta of aegregnoon ui die BC| 
gcfluratlonu 

Selection procedure 
Al each gcncrstson plants were ranked ba{:e4 both oa the pereeniage of homozygous 
recurrenl-pareiiit-senDtypo and on ths extent of Ijidoigc dias vovnd the Bt locus, in an 
anempt to imcsratv both criteria. Plants for which two or tnar^ wfjaeent markeia had 
massing values were oor induded in die analyses. Suoccs or Muio of i))e poUioatloos aha 
oontribmed to the seleetk»i ptocoCW, One jingle plant was selected at each eeneratkm: the 
best randdng one of those for which a backcro^s pnogcny of iizc IW Of {50 or more 
fbr the BC^ selcctioa) was available. 

Results and dEscussion 

Sekction for th» g«no of interest 
The observed sesreitaiiOn raUos for phesphinothrtcin resistance fl^ie 1> were not 
signifloandy dlfl^eiit CP<0.(k5> fi^om die expected 2; I, as 9l>0WD by Chi-^uare tests. 

Recurrent parent genotype recovery 

Statistics for (he genoiyped planta are emnntari^ hi Table I. Cah:i]]atioiis were 
performed lakms the whole gcoomc into account, ineludieg Uib Bf loq9S» The 'perfect* 
bactcczofiB-dsrived plaiK therefore coonts ore heterozygous ctranosoaie degouit, thai 
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cooiprifiing tha Br Ims. II alag dliiplaa^ ^.36% of fwmozy^ous recmtfentitoren^gcnotypB. 
TTie nwmJxrfD^ 0M% oorrespofub a> thu avmige rtmve ler^in ©f the chromcucmic 
segment cdniaJ ntofc tlic A locus, wfifch depeocb Oft the ttw flauking tnafters dioscA, 

The stcBD pcrcentaee of iioiiioay£Oi» rccnneoc-parcot-genoQpc of die BC] genmtion 
w» sliEhdy lower tbaa tbs otpeoted 50%. Thb caa be e^tplaiocd by linkage diag aiouad the 
Bt teajs, given ihni rhis percentage computtd ^«sc(l only <m piaats aaleeted Tor 
lieteiQKygosity at the & lccU3. Fbr al] ocber backcross genemtioos me inean percentig^ of 
bomozygmu ncun^nt-inieiit-geno^pc wis mucb higher than what would have been 
cbKived, sbQi>](| no seUctioo bflve been done (Fisnrc 2). 

The percancagd of homoKyeog» rtcurreDt-pafcnt-gnnntype of rbe sckctcd plant 
(Table I) and the average o/ ihe five largest valuE* (Table l> were always vei^ simiJar to 
oneaMilher, aod much superior id the populsiioD meao ifaluo (F(gu«*2>. The pcrtxniage of 
hooEWzygoiis Tf^WM-piatikt^ffMtfpD of the sdccfirf plant was ftnKjd omy once, m the 
BQt gMBsntion, m be smaller than the avenge of die five lai^est valued. Thj^ contapondfid 
ID ibB only dme when she setoed plasi W9S not the one with the maxinrnm percentage of 
hono^goua r«otif reoHNffCXtt-gauT^, Vm pIodC hud hoen selecsed because It displayed a 
fkvenble rccombinalxin on one side of teilr loeefl (Figure i>. 

me percentage of hciiiMjzygcius recwrcnt-pareiit-fieaotypc of the sclcocd BC^ pi»"f 
wu alnmt equal to thkt of an imsclerfrrf BCj, ihat of die selected 6C2 was larger thao that 
of an iniMlectcd BCj, lh»t of Ore sdecced BC} Mfite barely smaller d»n (bat of an viBelectcd 
BCfi, and ihat of the selected BC4 was equal to that of the "perfect*' bai*cms«hdKrived 
pJant, given the sat of marbera that waa osed. Such rates of racnrrent paiem genotype 
recovery are eonaE^m with n»ulis of EUDulBdcm analyses. JatbOO €t al. (1994) who i*e*rf 
tiie matZB genome as a nodal leported that iha>e bndccitiss gcficratkms auf 80 markm 
were Reeded to recover 99% of reconieut parent genotype. 

NumtMT of donor chroitioeome segments 

The mimhcr of heteRnsygop^ chromosomal aagmcni^ decreased from one badccross 
gencraliOD to the ne^. Pfanta selected at each generation war« jvot nccesBarily those which 
Imrt the lowast number of heteroaygouS chropiosoinal scgraenes (ftWc I). However, with 
die set of markeig osed, BC3 osd BC4 pJanla were recovei^ which contained only One 
heterozygous chroDiosonaJ segnienl: that comprising the Bt l<acu$. 

LinKagedrag 

Linkage drag around the Bt locns w« csOmatBd, reUdve u> the lenglh of chrofnosomc 
1. Its vahie wm ftwnd to lie bexweeu 34.0 and 48,4 « for the selected BCj dividual, 
betweoa 17.6 ami 34.8% fcr the selected BCi. bucween 2,0 and 24.0% ^ the selected 
BCa. aod between 0,0 and 8.4S& (respectfvcJy 0.0 and 14.5 eM) Ihe soleolod BC4. 




The two values givcti for each g( 
correspond tq extreme poshions or 
Hanidbg the trvu^geno constnict Iocq 
BC4 b Jikely to be loss thao 13% 
appean to be samei^at KighY refteo 
drag, U is niucb lower di&n what \ 
(Stamaiwi ^eveii 1981; T^nfcsby et 
of tomato cultivRrg ohta.iiK!d by a h 
Tanksky <t989> found thai (he sizeg 

cM. ; 

Conc^lusion 

The^e resnlta tieuly dexnonstr 
qualicy arfvartagc* over cla»stcai | 
ihrou^ backcrossing. Only four ba 
than a year atid a half from plair 
genocypically iuUy converted. Nevt 
genoijpe could proceed even tetet 
Appropriale protocol and rcsoutcs 
allocati^. 

Comparison Of BC4rdeHved \ 
fiuirkcirs and agrojiacnlc perfbrmanc 
order Ho eonfinn d» completcMSS oc 
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mcnts d ftcrcaaed trftm ont bacJterau 
ica wcnoi Qttaesaarity diofc which 
segDiesis (Table i). However » with 
raoovored which contained only om 

cdMlvB ID dM loQgib Df c9)rojhe5Dmo 
9^ ftrite aeiectod BC| udividua], 
2.0 «id 24.0% for dtc j»lecied 
14^ QM)lbr die telectedSC^. 



bomogfgDos rcGonronHarBiu-KBDatype. 

^faEaiHeiiMyp& of the BC| spDmu^ 
w o^huDed by tiiiki£9 dni^ anwad die 
3d basod only on planu $alcetBd for 
Bf genmtions the oMaji peroeaiBge ol 
lii^cr duA what would have been 

i«»*-BcnotypB of the jclcclcd |>Jaiit 
I) wen always vei^ simibr lo 
an YaUiQ (Flgor^ 2>« Th^ pcxocnt^ge of 
Bd ^ani n/as fcnrnd only oqce. in die 
five laziest values. Tills coiiEspondcd 
out widi die maxfniiiffl peiwnta^ of 
d been mIdcm becaiufr it displayed o 

ib^enotype of the selected 5C| plant 
f ihft xBJtecfied BC^ larger (ban diat 
Kcly smalkr than that of an unsclecied 
of Ibe 'peiftcf backcnBS-dorfved 
rates of ncDrfent parent getiocype 
|i d]rses. Jacboe ef aL' 09^ who used 
ickroES generaUloiu and SO marjcer^ 



5& 



Thft two vaJatti fttvan fbr each seiseralion aro esxtieoie valued ofnia]bg6 drag, wbiG3l 
oonespODd to exlraw posWom of the croMina-o^as In die mafkcf-dcflficd intovah 
flanking die tranaetneoQMtnictioCT», "Rierefoto the mie Irakagc dra* value of tht sotected 
BC* IS Itlccly to bo lcs» tfwi l-3« of die gpoone. AlOioagfa this jnaxiroura vahie may 
appear to be Mun^ha bj^h, it^flectjng die limited saliiCBon pressure pot bm on linkafie 
d!ag, it is much lower duo what would bo expected from clasaicait bflitkcFOSfi programs 
(Stam and Zovcn 1981: TWtaloy •» «l. 198^). Practically, in a atudy of Th^2 cooversiouR 
of comalo culUvara obtained by a lazge lUSOQiber of dasslcal backnoas cycles. Young and 
ttmksley (id&9> ftiund diit dio «zes nf die introgressad ftsgments ranged between 4 atid 51 
CM. 

Concluaicn 

These results cleaily dcmoDstmte tt»C nwlBcular markere provide importani rime and 
quality advantages over ctassicaJ proccdurca for die pnxluciiOQ qf near-JSOgenlc ilu*s 
through backcrasaing- Only four bacJwws gcoerariona woo neces»ry to recover, in less 
Ihan a year ^nd a half ftom plantb% of die BCi's, indhridiuls Whicfa ^fpcaied to be 
gcnotypteally fully <»«wartcd. Ngvadieless, H fa llWy thai rccovcty of Tecnrrent paitilt 
genotype could procead irvtm Bflter diaa hx the expaiincnt descrit^ bcTMO, phonld the 
Appropriflto protocol asd reaourcsBS (iwulatioii siie, number and posldoa of narkers) bo 
allocated^ 

Cofnpariaon of SC4.-derrvod ttfie^ viih (be reeuirem pare(»e fyr both moiphDlDSieal 
maikcxs aod agraoamio perftannttm (inchiding hybrW pcrforoanoa) wiU bo perCbrnied id 
onlcr to CQfi^lnD die conpletcnBSS of die convGEaion. 
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